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ABSTRACT : 

PURPOSE: To make it possible to form electrode contact 
regions easily and 

reliably by applying a very simple means even if a base 
semiconductor layer to 

be exposed selectively is thin and moreover, to prevent a 
complif ication of a 

process of manufacturing a high-speed semiconductor device 
from being caused. 

CONSTITUTION: An N-type InGaAs collector layer 32, an 
I-type In(AlGa)As 

collector barrier layer 23, an N-type InGaAs base layer 24, 
an RTB layer 25, an 

etching stopping layer 27, which is used also as an N-type 
GaSbAs impurity 

diffusion preventive layer in combination, and an N-type 
InGaAs emitter layer 

26 are laminated in order on a semi-insulative InP 
substrate 21. Moreover, an 

emitter electrode 29 which conduction-leads out the layer 
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26, base electrodes 

30, which into contact to the selectively exposed layer 24, 
and collector 

electrodes 31, which come into contact to the selectively 
exposed layer 22, are 
formed . 
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1 

immi] I nP»n:{cnHC«a$nfcI nGaA 
sau-^^'flat^l n (A I Ga) AsaUf'^ ■ A't) 
•^MRlfl nOaAs'^-Xl&l/I n A 1 AsS^r-i- 

A,fz^m h y^^ 'J y / • A' -visi^ s b i^^x' i n 

tXl nGaAsXS 7:?lt , 

Kiiei nGaAsX$7^'aSr^S?l^tlJLtl>x*7 

^^stxag?w(c^ai$ix!tBtnei nGaAs^-;^ 

MEI nGaAsa^^^'fltcny:?^' htS^U-^'^' 

[fl^3S2] I nP»K±{C)l(ca«$it;tI nGaA 
sOVP^MRI/l n (A 1 Ga) As3W-^'^' • yN'U 
^ii&y I n G a A s '<-;^lZi.l^ I n A 1 A syN'U-\' 

s&i^ s b 2r-^^•c I n p i.z^^t h^-wmmh 

ih^x-yf-y/fftihJiSl^I nGaAsXS-y^J'lt, 
Miei nGaAsx5 7:5'«2:^m?l#JliLtl.xS-y 

mi.zayi'^ htK-xmm&u^Mmzmta^tii-c 

BUiei nGaAsa^^'rJ'ltcay^'^' Vth-nV^9 

[W«]S3 ] I n pmmL^z)mznm^ixrz i nG a a 
s ftgi&JiRi^ I n A 1 A s A- 'J ^immm s b s- ^ 

nP{ctSi^S^tl.T*ifiWij[Reih«x>y^yi/ 
ifiUiatXl nGaAs«fii3y^^'hjii:. 
^H*» (ijfiieinAlAsJf-v'J -yttJ^JltC^-r 'J -b 

Buiei nGsiAs%^ay-s^'?vm>,zay-9'PVLxm 

[manmA] I npm^izmi'zmm^h.fz-mmmi 

nG a Asai^i' ^f§MfRM^WMl nGaAs^- 

xmms h s:^^T' i n p izm-m^thT-tmimi 
i^ijjiftx ■•;^yy^±Mm-mmM I n G a a s X $ 

xs .y 9'^m.ifmmif<zm\i^^tifaiwmmM i 

nG a As^-y^m\iZ-3yi> -9 h-^K-x^Mlkx^M. 

m\zm^^titz-m.-mmm inGaAsov^^m 

[fg^flS] lnPWl^}L\,zO'-ts:<thnmoy9 9h 

mm^wm^z^^^ixhK # nm<r>^mmm s b 
^■^^t' I n p i^zm-^thTMwmmLm:!^ f- 
yywitmm/ 1 n g a a s m<r>iix^'i\.ifmzn.m $ 

«®*»^.H!rias b s^^^•c i n ptcts^s-&ti.^i«ti 

Ktaifiih«x .y ^ y^'ff jhScT)^®^ t-Srx -y ^yyt 
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2 

fileSbS:^^T'I nPtctS^S^-ri.^««W:HiR)5it 
«x-yf-y^(?ihii^|^UT*>^.B!rie«S3y:?^ h 

[000 1 3 

\mi.mmm) ^^f^m^i. mvy^-'*)y'/ ts 

■y h • x.\/9 Vx2y • hyyi^^9 (resonant 
10 tunneling hot electron t 
ransistor: RHET) Xti* 7 h 
xny-hyy-yX^ihot electron tr 
ans i s to r : HET) , lg«^^ll)Jg h 7 ^i^'X 
^(high electron mobility 
transistor: HEMT) . ^.f-otg-^A'-f 
—y ■ hyy~yX9 (heterojunctionb 
ipolar t r a n s i s t o r : HBT) ^iftO 

^m^wmmMf^ixmi:m.th<r>t<znm^j:-m\.z 

20 [0002] RHET. HET, HEMT, H 

BT^ti, mrni^mzmxtzrf^^ ^tLxm^fi 
x\^h<r)X'hhtii. wmnzm^'thmmih':>t(r>iSi 

t^^j:^<r)^mi^!LX^^h<r>X\ Z-ixhiWCmmhts: 
[0003] 

T^m-mmmmmmx'hh. ikcmv^t, 

W&lnPW^. 2{in-I nGaAsHlx-^':?!, 3 
30 {ii -I n (A 1 Ga) Asabi?^ -ys'iJ-Vl, 4{i 
n- I nGaAs's— 5(i i - I n A 1 A s/ i 
-InGaAs/i-InAl A s^SfltfiKSrtORT 
B(resonant tunneling barr 
ier)l, 6{in- I nGaAsXS Hin 
-\nA\ Asyfimmm±m, Stin* -InGa 
AsX.i^v9%%:3y99Vm. 9(ixS •y^J'liSg, 1 
0li<-XSfis, l\\.i-3V99%%^^tl^f\^^LX 

[0004] 111 0<iia9(Cl.^,fLl>RHET«0X;t-;i. 

[000 5] ll9Mt/t::01 OtCl-^jixliRH 

ET$:S3t-ri.IS(COV^-C§iHJ-tl, . 
(l)MBE(molecular beam epi 
t axy ) fe. XM. MOCVD (metal orga 
nic chemical vapour d e p o s 
i t i on) ffi^raffl-rSClttCficO. ««l±t:Ji$ 
300Cnm]conU^'^'Ji2,Jf;^200 inm') (D 
50 31^7^ • >'<';-\'l3. JIS3 0 CnmD cO'<.-;^S 
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(3) 

3 

4. S$3 Cnm) /3 CnmD /3 C nm) tS)!)!? 
m) <?)X5 y^'16, If $200 C n m ) i7)X S 7 

[0006] {2) ovi/yy ^muzmnui^^^h 

[0007) c:ota!3l5WcMv^T{i, x^.y^^Sffi^y 
:$'i!'M8fcRTB15t cO^lC^Jil^iltStSKiUl 7 i 
itmh:ibX\ a^M«JSOx5-y^ ■ ny^J'^'h 
«8$:«:g$-ttTV^Sft+(CnaH->'N*y ht'ibS S i 
*<RT BJl 5 ttfefrr ; t SrKit LT (-^1. , 

[0008] 

[5|aj3&^mLi:ai:-ri.illS] RHETti, 
^#^:;'^#<■rl.^e^S±, '<--;^/14{i, If^^SO Cn 20 
[0009] tMoT. xs-y^- ■ mtlL 

mMimw,^^h^%^wmti^±mzm< . 

Pgfj-f, HEMT, HBT. HET^fc' tlf^ViTt TO 30 

[0010] ^%m\i. mtix^m^mnhzt i.z 
feoT, mimzm&^^h'<^^i'm-mwmim<x 

i> > mfiga y ^ 9 hW^i:^^a.-omm^z^m:^ h i 
[00 1 1] 

ISihJitcx .y f-y j/fffihc^iltgS-fjf-ti-CjfTti-ti-l. ^ t 
«*t:5roTii2.. 40 
[00 1 2] iOJ;^'5r::i:*>^>. *^BJfcfiicl.iSa4i 
#«i^BSl/-!-<7)igit:fraiiMv>T{i, ( 1 ) I n P« 
« (^;c{f*l£^ttl nPa«2 1 ) ±mcW«$fL 
I nGaAs 31^^':$'® (0lli(fn- I nGaA s 3 
l'^'^'S2 2) n (A 1 Ga) As^U-^:? • 

'J-\'l («?9t{f i - In (A 1 Ga) ■ A' 

'J-Vii23) at/I nGaAs'^-Xl (^;tJfn- I 
nGaAs'<-XJi24) mf-l nA 1 ksM^isLti 

itD«h y^-'jy/- A- (fi?5;c.{fRTB;i25) a 

l/Sb$r^AT'I nPCt&i^S^-ri.^^tl&gi|56jh« 50 
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Xy^y/fftitJi (CTxtfn-GaSbAs^MWStiC 
|!6ii:«Xy^y/ff±Ji2 7) aiXl nGaAsXS-y 

(PHi-Jfn- InGaAsX5-y^'126)t,B!i 
IBI nGaAsX$-y^'l$r@m?l^aiL-ri.J^S y^' 

(M^lfxS y ^-€^2 9 ) JtlXSfl?WtC«ai$^l 
Jtluiei nGaAs'<.-;J.Ji(C3y^'^'h-fl)'<--;^« 

® (Mtif '<-;^mfiS3 0 ) mfmKmz^^wzm 

lei nGaAs3U'^:J'llC3y:J'^h'tS3^^':5'l| 
Si (fi?iRtf3P^':S'l;ffi3 1 ) t^iiX-T^SCltSr^t 

[0013] ( 2 ) In P««±Hli(I«S$il^ I n 
GaAsnU^'^'iai^I n (A 1 Ga) Asalx^':? 
■ >'N't»-\'lSVI nGaAs^-;^!^^^ I nA 1 As 

vN'';-\'Ji&y'sb$:#At:'i n p tiis^B-^'t^.^^^a 

raKjh«X -/f-yi/ffitJl&t/ InGaAsXS-y^ 
Jifc, fiiei nGaAsXSy;?/iS:^a5l^ait'tl. 
X 5 -y ^J'fliffi&l^SiRe^Ilcaiil $ MzWXL I n G a A s 
^-xm.z-ay^'p Y^h'<~-xwmxfnWMzm.'A 

$fL3tB>nei nGaAs3U7^iitC3y^:J'b-tl.3 

[00 14] (3) I nPS:^ (C?j;?.{i'4^ie^I nP 
«4 1 ) IXzWiZMM^Mz I nGaAstglSa (gf? 
i.(f i-I nGaAstailJi4 2 ) ay I nAlAs^f 

^'i^'mm mutri-\ nA xKsmFtmm^ 
3 ) at/s b ^-^^•t' I n pt;:ts^s^t-i.^Mtira 

|5Sih«x-y^y^^f?jLhil (W;t«f n-GaSbAs5f^^ 
«til»±«X y^y^if]kM4 4 ) at/ I n G a A s 
«ffi3y:?^ha (Mxtfn- I nGaAsmSay^ 
^'M4 5) SW^^jfiiEI nAI As^A-y-Vft 

*&«t^'l>'J-k>!. (^J;iJfy-feX4 5A) rttcffMS 

G a A s « IS 3 y MIC 3 y :7 btt Jg^$ iXTt 
V-xmS (WIi.tfV-:^«ffi4 7 ) aW' FP-f y«ffi 

(mtfHl^^ySfiS4S) ti:mtx^j:^ztinwi 

[00 15] (4) I nPm. mUi^1&m.l nP 

m.5 1) }L{zmzi^m^fitz-mw^ i n g a a s n 
r/mimmmi nGaAs'^-;?.® mmp-i nc 

aAs'<.-;^15 4) RlfShi■t^X'l nPtCfg^S 
-&-f2.^a«iJR)5±«x.y^y/ff±l (M;c{fn- 
GaSbAsX(±p-GaSbAs ^l^^^tJKih^X 
•y^y^f?jtl5 5) Rt/-mVMl nGaAsX5-y 
(^;c«f n- I nGaAsX5-y^'e5 6) 15 
i2-^iai nGaAsx5>y:J'llC3y^'^'M-|.x 
5 -y ( i?ll;t(fx S -y ^-mSi 5 7 ) Rl/MtRmzm 
tii^titzmH^^^Ml nGaAsK-xmi'Zayi' 

9 Y-th'<^-xnm. (^x.«f'<-xms5 8 > ai^sitR 

WtcatK^ilTtfjia-^mS I n G a A s 3 Ui7 9m\z 



^l/lQ/imi, EAST version: 1.03.0002 



(4) 



^^6-1 77 369 



[00 16] (5) I npmm imtii^m^i np 
mmz^^^ti^^mm^m (mtun- 1 n 

GaAsK-xm24^j:t') Sl/Sb$r•&^T'I n PtC 

{fn-GaSbAs ^^!|^;SEt!j|!&ih«x 7 f - vy^ikM 
27^i:') SLf I nGaAsl (fi?flx.tfn-I nGaA 
s X S -y 2 6 ^i: ) 10 

m^m ^m^-fhiMt , ^mt^hmm. s b i 

(ommtTiJ^-z^y^^t^xmb, fries b5:■g■^T 
I n p izt^m^thT^pmmsjsm:!:. y ^ yyw± 
ism^Lxti^hmtmM:! y9 9 vwmf^w^^z^ 

[00 17] 

[f^ffl] frlB^S^SI.CfctteO. nOaA 
s/I n (A 1 Ga) AsO^rag^-^Sr^-fliRHE 20 

Ttl!l^®*S*^ < T t , S b S:■^^T' I n P (ctSi^S 

-^-ri, X -y i-yyw±m<7)mtitimm ixn$!,s.-ovm 

-?-OX-yf-y7mii(i^^i6ttteHJt5rjfl)±-ri.Sltl 
[00 18] 

[«i^j ] 0 1 {t^^wM-mmmmmt h^<r>RH e 30 
Tim-fwmmmmmx'ht. mizt^^^x. 2i«i^ 

i^InPSM, 22{i:n-I nGaAsnPi?:? 
1. 2 3{ii - I n (A 1 Ga) As3U':?:J' ■ >'<|J-^ 
1. 2 4(±n- I nGaAs'<.-;^a. 25«ii-In 
AlAs/i-I nGaAs/i-InAlAs^rSffi 
^S:toRTB/i. 26{in-I nGaAsXS-y^ 
1. 2Hin-GaShAs^MmMmikMxy^y 
/f?ihii, 28{in* - I nGaAsX* ■y^J'Uffiay 
^-^^M, 29iixi -y^^m^. 3 0ii<-^mm. 3 

l^3^-7^s'l:lss-?■i^'e'^^^^L•r*. 40 

[ 0 0 1 9 ] II 2 (ill Ucl, <oi^l)|l^6mx:^^;^=^f • 
^i: |5]ie#(±|iia5^)-?:^t *^^V^{iPI CEiftSr tcO 

tth. miRx/m2^z^c^tLhmmtmtim9R 
xmi o^z':>\^xmmuz^mt^mtht. 
mx'ii. r^mw:msiM:^-y^yi/w±m7<Dmm 

f4t LT n - I n A 1 A s Srfflt^Tt*^ *^fi^T'{i, 
n-GaSbAs ^fflV'iTV^I.. 
[0020] C:c7)J;3tC-fSSi{±. XS-y^'-^-tS' 

)e«-ri>^<^'J>i!^^xyf-v/?MvHi7-yfl:;f<^K 50 



y t'<OX y ^^jB[{C» LT G a S b a 

sipx y^y'/^±(Dmm^{i^ztizmh, mi}^(> 

'fthH^^jtV ■ :ii yi-y^^^:T-mm&m}±mx-/^y 
i^W±M27X'm(^±^^&Zti}^X'^tlii. ^<r) 
5rii6tlteM6il:«Xyf-y^f?it«2 7$:^L, 
Ht/^-^- x y^y^t^-5T<-;?.12 4<7)-gB$-^ 

[0021 1 ^SE!iJ5temil:«X y^y/|?jtii2 70 
^J^ii, ft{!|s6<)(C{i, GaSbo.5 A so. 5 , WL^^i. 
A 1 GaSb As. ^V^li, A 1 0.5 Sbo.s As^fc' 
0II;i«f, GaSbo.5 Aso.5 

mmt-thT^nmrnim:!^ -y^yywiM 2 7 

{i, 'e<0>'N'iJ-VS$A^'^0. 5 3 Ce VD T'S)oT. I 
nA 1 Asfc[5]:a-C$)l). 

[00 2 2] Z(r>m^mX'<.i. RTB12 5fc^l$tlt£ 
H5cl»it*X -y^yyWm 21 h ffM^Z n - I n G a A 
sxS7:5'12 6<7)-gB$r:rt-4S-ti-Tj)l.*^. Citti, 
ismt^h'{rhixX\.^hi:o^z^ xs-y:? • 
fflS^)i*^''<-x;i2 4^CS')^L^V^J: ^lc-ri>^T'S) 
•6. 

[00 23] ll37^^l2l6<i0iai^ll2(Cl.^>iti.R 
H E T $:$^5t1-|.XSS:MBi-ri> ^^OISMCJ^ttl. 

R H E T ^ atsg|5^3]B^iliffi^lT'^ 0 , , ii^t?) 

[0 0 24] I13#.^. 

3- (1) y[BEm^mmthzt\,zm. m^2\i. 

[z-3V99m22^ au^i' ■ ^•i^J^m23. ^-xm 
24, RTB125, x$ •y:J'«2 6t7)-gp^, ^F^ft 
teTOih«x-yf-yi/i?jh«2 7, x5-y^'fl2 60S 
Oa5^. Xi-y^m«§3y^^'b«2 8S:J^fig-ri). ^ 

zx'mfS.Lt:^§^»mi,zmthi.m''j:f-i?iWpt 
hkmm'ox'hi, 

® aL'^^'ii2 2(coV'>-C 
: S 1 

TMmm. : 5x1 0'8 Ccr33 
: 300 Cnm] 

0 31^:^'^' • >'N''J-\'/i2 3(COV>T 
Jf$ : 200 CnmD 

(3> '<-XJ12 4{C'PV^T 
: S i 

T^¥i^Wi^: IXIO'8 Ccr3] 

Ji$ : 30 Cnm] 

® RTBii2 5tOOT 

Jf $ : i - I nA 1 A s^-^'J-Vil— 3 C nm] 

1 - I nGaAs#FJl-*3 C nm] 
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i - I n A 1 As>'N''J-^1^3 Cnm) 
^ft^ft : S i 

T^mi1&&: IX 1 0'8 Ccr3 3 
ff$ :Xi y^m<D-U6i^ 10 CnmD 
x=-/:?Ji<7)»0^t»— 4 0 CnmD 
® ^^ftM:8iR6itJfx-y^y/f?il:ii2 7 
: S i. 

T-¥mmm: 5X l O's Ccr3) 

: 1 Cnm] 10 
(2) xS y^'m«S3>':?^'M2 8 
T-mi : S i 

^^ifeilUg: IX 1 0'9 Ccrn 
W$ : 150 (nmD 
[00 2 5] I14#,^. 

4 - ( 1 ) vv^^yy im^zmfiui^xh ■ ro-b 

s£o{i'J>'g?^^x./^y:/?ai-fl.'>x-y h • x-y^y 

iEx•y^y^^f?i:ii2 7^3al■rs^^f x-y^y^^irff 20 

[00 2 6] ll5#Bg 

5 - ( 1) fil£lS4- ( 1 ) T'J^figL/cVi^'XMK^r 

5 - (2) x-y-fA-yhS: (HC H-H2 O2 -t-NaK 
C, H4 06 (S^S^U'^A-^hU'^ix) +H2 O) 
$r-i-tfX y^y^^?gt-rS':7X-yh • x-yf-y/a?rB 
fflt"I.C:i:{Ifl<-5T, GaSbo.5 Aso.s *»<^^rl)^ 30 
IsemSiKihSftx -y ^ y^w±m 2 7 iOSlRWx -y ^ y 

y^n-oxmu^m^L. -^co^*hcrtbji2 5<7)- 

5- (3) x-yf-A-yhSr^-yfbKSit^^x-yf-y^jg 
^v^{i'jyi?i^x-y^y^^?gi:tl.'>x-yh ■ x-y-tv 

y 2 7 ?: ^' i: L T R T B 1 2 5 WltRS<Jx 
7^y/5-^T-)TSPS:®#L. -?-cO^*HC'<.-Xl2 
4 O-gPS-^ai IfltCtiSot, ^-xis^y 
:5'^'hfflJ^*5±Jig$ai.. 40 
[00 2 7]I16#B3 

6- ( 1 ) 'jy/77-ft$Wt«^ttl.l^vXh • rn-fe 

X. T-ummm±m:^'y^y'/w±m2 7<D 

X y^-VVbt tT (HC 1 -l-Hz O2 +NaKC4H 
4 Oe +H2 O) $:-S-tf 

x-y^y^^^E, Mt/t, RTB^2 S^rt'iOX y^-ry 

h t Lt 7 -y-fbHSir^x -y f-y ^^fg^^^li u ygJ^x 
•yf-y/?St-r?.'^x.yh • x-y^y^^a?ra^-ri,>i 

^ffi*»f>3U^':5'a2 2lc^-rS^-^-Xyf-y^^Srff 50 
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6 - ( 2 ) 'J y /7 7 >f gffiicMfti. i/i^'x h • ro-fe 

X. ai^, K^«a*>^>=S:l.y 7 b • 5r7SSrjifflt 
I.Jlfctfe'). B§*n0 Cnm]/200 Cnm] t' 
35l.Cr/AuK*»4>^:l)XS-y^'m«i2 9. '^-xm 
®30, 3U:7;J'm@3 1S:J^^LT^$-Ii-|.. 
[ 0 0 2 8 ] MecOi ^ LTSjtSit^cR H ETT' 

SM#S::*:^<-ri.^^t'^-xfl2 4 2:ff<JBfi£ 
L.T*l.tci>16)i3<?>-f, •f-O^-xme^y^J'^'H^iS 

-xmfig*<Jg^$ixT«.^§. 

[0029] mi\i-i^mzm'n>^<7mmmifmt 

X. AUi^tm/&l nPmi. 4 2{ii - I nGaA 
stgSjl, 4 3{in- I nA 1 Asm^l^l, 44li 
n-GaSbAs ^Ji6«ii|iSiJ:«x 7 f - y /f?jhJi . 
4 5{i:n- I nGaAsliSny^'^ 4 5A(i'J 
^rX. 4 6Ji^r'-hmS, 4 7{iy-XB®, 4 8(±h' 

[0030] MEH E UT\,zmth^U^<r>i.Wj:r- 

9im^-fhtd:.<7im^x'hh. 

® flgilil4 2tOI,->T 
/i? : 200 Cnm] 
© t:-f^*&fl4 StCOViT 
^IfiiRj : S i 

^^WS : 5X1 O'l Ccr3] 
JI$ : 50 Cnm] 

(3) ^iS^HraKititx -yf y^^ff Jhii4 4 COUT 
^^151 : S i 

T-W^^ : 5X 1 0" Ccni-3] 
i¥$ : 1 Cnm] 

® SSny:?:? h/i4 5(c-?^^T 
: S i 

^attSa : 5X 1 018 i;cr3) 
Ji$ : 200 Cnm] 

® y-M:fis4 6(3-:>v^r 

Pii^ : T i/Pt/Au 

10 Cnm]/100 Cnm] /3 00 Cnm] 

® y-xi8i4 7at^Hu-^ylffi4 8(coi'>T 

: A u G e /A u 
)?$ : 20 Cnm] /300 Cnm] 

[003 1 ] ^mm(^m^. mMziy99 vmA5f<z 

U-feX^rje^Lty- Mlffiny^'^? h^J^Sr^^-t^: 
1.^, ^M«Hj![»±iEX y^y^^|ft±jl4 4<7)fffflt- 
|j-bx}g^cox-y^y^^Ji-Bf?±$ft, x y^y^^jS 
$:MC-r I. 'PiiifeffiitKih^x -y ^ yyWitm 4 4 ox 

y^yy^n'yxmf-mi^m43i:miii$-^xi}^t>y- 

hW&4 6i:m^-th{)e0X-hhi)^h, L^v^fimffV 
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(6) 

9 

[0032] m8ii:tf^mzmfhmzm(^mmm^m 

C^T, 5 Hm^t&m.l nPmS.. 52{in-InGa 
Asa\^^^ ■ ay^^hM. 53»in-InGaAs 
au^'i'm. 54{±P- I nGaAs'<.-;^l. 55Ji 
n-GaSbAsX^p-GaSbAs^^MSSJlRSih 
MX yf-y^^ff±fl, 56«in- I nGaAsxa 7^' 

[ 0 0 3 3 ] frie H B TCS^»tl.=&S^«0±W=5:T- 10 

: S i 

T^mi^: 5X 1 0'8 Ccm-3] 
m^: 300 Cnm] 
® 3U:7^'®5 3CoV>T 
'F^tl : S i 

T^mii&&: 1X10»7 Cciii-3] 
If? : 200 Cnm] 

® '<-;^.15 4(COV^T 20 
: B e 

T^^mmm-. 5X10" Ccm-3D 
if? : 80 Cnm] 

® ^*6M£Hil*ih«x ■/ f - yyw±m 5 5 tcoi 
^^!|^ : S i 

^^!t*jjiUS: 5X10" Ccr3] 
JI$ : 1 Cnm] 

^JtitJil : S i 

T^mim&: 5X10" Ccr3] 30 
ff? : 200 Cnm] 

® XS •y^'m®5 7, '<-xmffi5 8, 3V^':5'«S 
i^n-. C r/Au 

Jf$ : 20 Cnm] /300 Cnm] 

c 0 0 3 4 ] ^mmmco^ t, . R H E Tizmthmm 
mbmmizK-xmc^miULti^^i^x^^x'h^, bp 

■i5,xs-y^'Ji56i: 's-;^! 5 4 <r>miiZii^WM: 
^v^'<-;?.jg5 4$rlf3^tt^<, 1.-:), iint^ai 40 

[003 53 :^%mmmx'^ hmm^mi¥mM.t ix 
(i, wisi^mmmizmti^zt^j:<, musRaET 

k. Si5 15 ^ H E T tcSffl L t Pl^tc 

[0036] 

i!^%mz^h-mm^^WkX/^ff)^ 
WmiiZl^^ (4 . I n P S^itCii'-^ < i: t 3 y 

S b 5r 1 n P ICfg^ S^t h K-Wmmy±M 50 



^^6-1 77369 
1 0 

X 7 ^ y^W±Mlkl^ I n G a A s flO^ft-f ixSrJlt: 

^?nt£BjcR6ii:«x 7 f - yyw±m<mmt X' i mmmz 
m^L. ^m. miT^m!mnmiiM:^ yi-yyw± 
!§t:mmmizm^Lxi)'hmmm<^)mwm<omm^ 
y^^hmmmm^^h, 
[oo37]mim&m?>ztizm. mmi no 

aAs/I n (A 1 Ga) As(7)'sTnJ$^5::^-f|)R 

HETizmh^-xmcoxoiz, mm^zmta^-^i 
KtTi&^mmtm< xl. st sr^^•c' i n ptcts 
i^g^ti. X y^y'/witMm^^mmixm^&-o 
mmitznmziyi'^ hm.m^^-^iztf)<x'^ , l 
A>t>, -ewx7^y^i?iti«4^^e^?3fii;ijs-jip±-rs^ 

^^ti>it(om<r>^#mm^mm-thxmzimLx 

[Hffic^sm^itBj] 

^^mmmmx-h^. 

[112 ] 11 1 lcm^>fxSSte«?ycox:T-;u^ • /<y K • r 

ms] miRx/m2izM.^rL^RHETi:mm-t^x 
m^mmt^M(r>xnmiizm'ri r h e t 5ra-rs^ 

«(B!l®iaT'ii-&o 

[ 114 ] 0 1 at/ll 2 Cl, ^.ilS R H E T $• ^3i-t X 
S^SPSit R H E T Sra-rSSB 

[US] lliaiXI22tCl.<i.^l.5RHET|:Sjt-ri.X 
g ^MSJt I. ^COIS^ tS*tt ^ R H E T m-fW^ 

mmmx'hi>, 

me] lll&l/ll2lCl.f>ttl.RHETlrSjt-ri>I 

m^mt-t^mxmwircmi^RiiET^m-tm^ 
immmmx'h^. 

[m7]:^^izm^&m(^mmm^mmth^<r>HE 
MTim-tw^mmmmx'Sii . 
[08] :^mzmf&mzfii<r>mm^mmi-^^(r) 
H B T $• ^-rsasijjffliiiffliit'j) ^ . 

mmmmx'hi. 

[dlO] ia9tl.<^ai.RHETc7)x;r^;U=Jf • A'yH 
■ y^'^yyJ^X'hh. 

21 ^*ei^InPS« 

22 n- I nGaAs^U^^'l 

23 i - I n (A 1 Ga) As^Ix^':? • A*>J-Vii 

24 n- I nGaAs'^-X® 

25 RTBl 

2 6 n- I nGaAsXi 7^Ji 

2 7 n-GaSbAsTMmuMiJkMX-y^yyW 

±m 
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28 n* - I nGaAsX5 
2 9 xay:5^€S 
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3 0 

31 31/:^^' 
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:^mA<D R H E T 4rg-f ^S5WBr®®B 




2 1 :=fi^*ftl nP^fe 

2 3: i - I n ( A f G a ) A s ^ ^' '"^ 'J ^® 
24:n-InGaAs ^—7.^ 
2 5 : R T B )9 

2 8 ri*- I n G a A s ^ ; •> .^1©®=' > ^ ^ 

2 9 : ^iy 

5 0 : '<-;5lftffi 

3 1 : =5 u ^'^^ 
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:n-inGaAs3U^^J8 „ 
: i-In (AlGa)A8='U^^'-><9^1 
: n - 1 n G a A s '<-^Ji 
:RTB® 

: n-1 nGa As* ; -v ?® 

: n -G a S b A s ^ttltJ&ftKlh* 

: n - 1 n G a As 3^ ; •? ^ 
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[05] 



[116] 



29 




[117] 



A7 



48 



rvfnGaAs 



n-InAIAs 



<i5 

'^n-GaSbAs 
%2 



InP sub- 



4 1 : ^m^inpm 

4 2 : i - I n G a A s mjM 
43:n-[nAIAs Ul^l&M ^ 

44 : n-GaSbAs T-t^^SS&MIS&M 

45 : n-lnGaA8«ffi3>^>M 

4 5 A : 'J -t :^ 

4 6 : 

4 7 : V-:^«ffi 
4 8: y^-i >^M 




[08] 




51 :2m»&InPStg ^ 

52 : n-1 nGsAs^i^^? * > it if hfl 
5$ : n-1 nGaAs ^u^i^JS 

54 : P-I nGaAs'<-:*IB 

55 :n-GaSbA8f^'Up-GaSbAs 

56 :n-I nGaAs*; y^ia 
5 7 : ^ i 

5 8 : 

5 9 : u ^ 
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[09] 




1 :m 

2 13 1^^ 9!^ 

4 : -^-^M 

5 : RTB® 

6 : ^ i 

7 : ^^mtmitM 

8 : ^ ; 7 9mE^ y^^ ^^ 

9 : 31 i y ? %S 

I 0 : -<-^r 

II : n u ^ ^ 
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